Abstract Due to economic globalization, each country's economic law, including tax laws and tax treaties, has been forced to work as a single network. However, each jurisdiction (country or region) has not made its economic law under the assumption that its law functions as an element of one network, so it has brought unexpected results. We thought that the results are exactly international tax avoidance. To contribute to the solution of international tax avoidance, we tried to investigate which part of the network is vulnerable.
Fig. 1 Treaty shopping
Reducing the amount of tax through the unexpected use of tax treaty benefits described above is called "Treaty Shopping." treaty shopping is not illegal unless violates the provisions of a jurisdiction's tax law or tax treaty, but particularly if it is done solely to reduce the amount of tax, it is called "treaty abuse" (Marian 2016) or "improper use of the convention" (OECD 2015) and should be corrected.
For companies engaged in treaty shopping, this is just one of the ways to avoid withholding tax.
However, for source jurisdictions, this is one of the ways in which their rights to impose taxation are eroded corporate tax on dividend income today 2 (Dittmer 2012) . For this reason, corporate taxes in the third jurisdiction are not considered in this study. 
Constructing the network

Weighted Multi Directed Graph
As a withholding tax network, we produces a weighted multi directed graph. In the graph, the vertices represent jurisdictions, and all pairs of vertices are connected by arcs because, logically, any jurisdiction can pay dividends, interest, and royalties to any other jurisdictions. Every arc has the withholding tax imposed on dividends, interest, and royalties as a weight. In addition to withholding tax, all arcs also are given a slight weight of 1×10 -６ as a sanction. This is because it costs money, for instance registration fees, to establish a company in a jurisdiction, even if the company is only a paper company.
Therefore, in the case where jurisdiction A imposes a 20% withholding tax on the dividend and jurisdiction B imposes a 30% withholding tax, the dividend's weighted multi directed graph is as shown in Figure 2 . In other words, the arc from jurisdiction A to jurisdiction B has 20 + 1×10 -6 as the weight, and the arc from jurisdiction B to jurisdiction A has 30 + 1×10 -６ . 
Weighted Undirected Graph
We also constructed a network that transformed the weighted multiple directed graphs into weighted undirected graphs. In producing the weighted undirected graphs, the problem we faced is the weight added on each edge, for withholding tax rate differs depending on the jurisdiction paying dividends, interest, and royalties, even if those payments are made between the same two jurisdictions. For example, if a company in the United Kingdom pays dividends to a company in Afghanistan, no withholding tax is imposed on the dividends, but if a company in Afghanistan pays dividends to a company in the United Kingdom, a 20%
withholding tax is imposed. The purpose of this paper is to identify which jurisdiction is likely to be used for treaty shopping, so we apply the higher withholding tax rate as a weight. For example, in the case of Afghanistan and the United Kingdom, it looks like Figure 4 .
Fig.4 An example of Afghanistan and the United Kingdom
From the weighted undirected graphs mentioned above, we also created graphs with the edges removed according to the threshold values. This is because we believe it is possible to detect community structures between jurisdictions that uses treaty shopping and the jurisdictions that are used for treaty shopping by removing the edges with high tax rates, that is, the edges that are unlikely to be used for treaty shopping. 
Method of Network Analysis
Centrality calculation
Centrality is an index that shows how important a vertex is for the overall network. The higher the value, the more important the vertex is in the network. However, it is not possible to define unambiguously what are important vertices for the overall network. In this study, centrality is calculated based on the idea that the vertex contributing to the shortest paths in the network is essential to the whole network. This is because the jurisdiction used for treaty shopping is located on the shortest path. By calculating the centrality, we try to estimate which jurisdiction is easier to use for treaty shopping from the viewpoint of withholding tax rates.
We use load centrality as the centrality of the graph (Goh et al. 2001) . Load centrality was originally designed to calculate how much data processing capacity each passing point requires for the efficient movement of data packets in a network such as the Internet. The definition is as follows: Suppose one data packet is sent from vertex i to vertex j. The data packet moves along the minimum weight path.
When one data packet is sent among all vertices like this, the amount of the data packets which passed through vertex k is represented by . The load centrality of vertex k is given by
Even though load centrality is sometimes thought to be similar in concept to betweenness centrality (Freeman 1979) , the results differ when a graph has multiple minimum weight paths (Brandes 2008) . This is because load centrality assumes a data packet is divided equally at the fork of minimum weight paths, while betweenness centrality is divided equally by the number of shortest paths ( Figure 6 ).
In this study, we think of data packets as the amount of dividends, interest, and royalties and withholding tax rates as weight to find the vulnerabilities of the worldwide legal system (1 Introduction). 
Community detection
A community is a subgraph closely connected in the network. Even though it seems that there is no strict definition of "community" in network science, it is thought that the network has a community structure, if the graph can be divided into subgraphs where the edges connected has density. We detect communities in the withholding tax network because we think that we can find a community structure in the network if there are some relationships between the jurisdictions used for treaty shopping and the jurisdictions having motivations to do treaty shopping.
The problem in detecting communities is whether the communities can be detected appropriately from a network. As we have seen, if the community is regarded as a partial graph closely connected in the network, in evaluating whether there is a community structure in the network, we basically must check whether the network is divided into subgraphs which have many edges in a given subgraph, but few edges between different subgraphs.
We evaluate our results of community detection using modularity, which is often adopted as an index of evaluating community structure. (Newman 2004a; Newman 2004b) . To evaluate only significant community structures, Modularity is calculated by subtracting the expected value of the number of edges when considering the community as a random graph 〈 〉 from the number of edges of the divided communities :
where M is the total number of the edges, ( ) is subset including vertex i, and
and ( ) are the same subset, otherwise it is 0.
In a case of weighted graphs, represents the weight of the edges between vertex i and vertex j rather than the number of edges between them. Similarly, represents the expected weight of the edges assigned randomly to vertex i.
Modularity is normalized so that the maximum value is 1. Therefore, it can be said that there is a strong community structure in the network as it moves closer to 1, but from an empirical point of view, if it is larger than about 0.3, it is often considered that the network has a community structure.
We use the Louvain Method for community detection (Blondel et al. 2008 ). This is a method which tries to detect communities having high modularity by trying to optimize local and aggregating vertices. Specifically, it is detected as follows: First, the Louvain Method assumes every vertex belongs to one community. Then, calculate how much the value of modularity rises, if each vertex belongs to the same community with an adjacent vertex,
where, if vertex i belongs to a community, represents the sum of the weights of edges in the community, represents the sum of the weights of all the edges adjacent to the vertices in the community, , represents the sum of the weights of edges whose vertex i is an end point, represents the sum of the weights of edges in the community whose vertices i are endpoints. The combination of vertices with the greatest modularity rise are specified (the first step). Next, combinations of the specified vertices in the first step are aggregated into one vertex, and the size of the network is reduced (the second step). The first stage and the second stage are recursively repeated, and when the modularity converges, the community is detected. The characteristic of the Louvain Method is not to assume all vertices belong to one community, but to assume each belongs to one community.
Result
The value of centrality
The top countries differ markedly depending on dividends, interest and royalties and the value of centrality of interest is much lower than that of interest (Table2-4). In the area of international taxation, the Netherlands, Barbados, Cyprus, Estonia, Hungary, Luxembourg, Malta, and Switzerland, and the United Kingdom are cited as examples of jurisdictions commonly known to be likely to be used for treaty shopping (Diamond 2017b) . According to the results of this study, we can see that these jurisdictions are the top jurisdictions for dividends.
Regarding the influence of the threshold, although the value of the centrality in dividends is not particularly great (Figure 7) , both of the centrality values in interest and royalties are starting to decline from the time when the threshold falls below 10 (Figure 8 and 9 ). The results may mean that polarization is occurring at withholding tax rates on dividends at above and below 5%, but 10% and 5% withholding tax seems to be the mainstream in many jurisdictions when it comes on interest and royalties.
The results presented in this paper only mean that the tax is less if a company pays its dividends, interest, and royalties through a given jurisdiction, compared to paying them directly to other jurisdictions.
It does not mean that such jurisdictions are used for treaty shopping in fact. Some ambivalent tax treaties include provisions for preventing treaty abuse while they offer tax treaty benefits (Okamura 1997) . For example, to prevent treaties abuse, jurisdictions such as the United States introduce a limitation on benefits clause, and jurisdictions such as the United Kingdom introduces a principal purpose test. In this study, the presence or absence of these provisions is not considered. 
Communities Founded
Dividends
The weighted undirected graph with a threshold of 5% recorded the highest modularity ( Figure 10 ). Its value is 0.2853738, or close to 0.3, so it can be said that the withholding tax network for dividends has a community structure. The results are as shown in Table 5 and jurisdictions in each community are arranged in descending order of centrality, which is in the weighted multi directed graph with a threshold of 5%. We identified four communities. All except community 4 has jurisdictions whose centralities are high.
Community 1 includes the United Kingdom, Kuwait, the Netherlands, Switzerland, Spain, Luxembourg, Ireland, Estonia, Malta, the United States, and other jurisdictions, community 2 includes Cyprus, Hong
Kong, Lucia, Bahrain, Mauritius, and others, and community 3 includes the United Arab Emirates, Singapore, Malaysia, Qatar, and other. We cannot find a relationship between the detected communities and each jurisdiction's location. The interesting thing is that mainland China and Hong Kong as well as India and Mauritius, which are known for their compatibility, are not in the same communities.
In the weighted undirected graph with a threshold of 5%, there were 34 vertices with no edges with other vertices. This means that dividends are subject to a withholding tax rate of more than 5% when paid from these the jurisdictions or for the jurisdictions. Therefore, it can be said that the possibility that these jurisdictions will be used for treaty shopping involved dividends is extremely low. However, the possibility that dividends will be paid for these jurisdictions remains, given that of the 165 jurisdictions subject to this analysis, some jurisdictions do not impose withholding tax initially. Therefore, if dividends are paid for 34 jurisdictions without links in a 5% threshold weighted undirected graph, at least these jurisdictions not imposing withholding tax. Among the 34 jurisdictions, it is possible that the U.S. Virgin
Islands will be used as a cash box, where corporate profits are accumulated, given their lack of corporate taxation. There were 47 vertices not having edges with other vertices. Regarding these vertices, the same thing can be said as for the dividends (5.2.1 Dividends).
Fig. 11
Change in modularity, threshold 35 -threshold 0 (in the case of interest) 
Royalties
The weighted undirected graph with a threshold of 5% recorded the highest modularity (Figure 12 ). Its value is 0.325377, which is over 0.3. Thus, the withholding tax network on royalties has a community structure. The results are as shown in Table 9 and jurisdictions in each community are arranged in descending order of centrality, which is in the weighted multi directed graph with a threshold of 5%. We identified five communities. All except community 5 have jurisdictions whose centralities are high.
Community 1 includes Switzerland, Hungary, the Netherlands, Ireland, Malta, and so on, community 2 includes France, Sweden, Norway, Luxembourg, and others, community 3 includes Senegal, Cyprus, Bahrain, and other, and community 4 includes the United Arab Emirates, Mauritius, and other jurisdictions.
Although the United Arab Emirates has a high centrality value (Table 4) , the size of the community to which it belongs is small ( 
Discussion
To resolve the vulnerable elements of tax treaties, it is necessary to amend them. The realm of international tax law is trying to deal with the weak links that arise from a single network that tax laws and tax treaties of each country form, in two ways. The first approach involves multilateral treaties and the second involves peer review.
The multilateral treaty aims to amend tax treaties of each country uniformly, instead of sequentially revising tax treaties through bilateral negotiations as in the past. When a jurisdiction ratifies a multilateral treaty, the new provisions stipulated in the multilateral treaty overwrite the existing provisions of any tax treaties that jurisdiction has concluded, producing the same effect as that of an amendment to the tax treaty. In order for many jurisdictions to ratify a multilateral treaty, the multilateral treaty can effectively include only the minimum standard deemed necessary for the prevention of treaty abuse. From the intention of trying to be "fair" to each jurisdiction, it seems possible only to make revisions to each jurisdiction's tax treaties "uniformly." However, according to this study, only some jurisdictions are conducive to treaty shopping, so to solve treaty abuse, it seems sufficient to amend the tax treaties of those jurisdictions for the time being. This would mean fewer jurisdictions that need to obtain consensus, which we believe would allow additional provisions to be introduced into the tax treaties 3 .
Peer review means that jurisdictions monitors each other to determine whether provisions are being adequately enforced in each jurisdiction. Again, according to this study, there is a possibility that effective monitoring can be carried out when focusing the monitoring on jurisdictions likely to be used for treaty shopping.
Moreover, international tax avoidance using tax havens is also drawing attention. Because treaty shopping is generally used for shifting companies' profits to tax havens (Picciotto 1992) , resolving treaty 3 However, seeking prevention measures only for specific countries also has the risk of disrupting efforts towards international tax avoidance. About how the harmful tax competition taking the initiative by the OECD was abandoned, see Sharman (2006 
